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Solar Energy Studies 

. 

This task involvgs support to NASA Headquarters in solar thermal and 

solar voltaic projects. This interim report covers the solar thermal pro- 

ject, and by the NASA directive includes process heating and heatinglcooling 

pro j ects . 
The initial thrust in project selection was to define systems that will 

be operational and provide a useful function. In addition, the project must 

be integrated into the rest of the bammechanical system in a cost 

effective manner. Solar savings are initially determined to obtain a fair 

comparision to other solar projects. At a later time, as the system inte- 

gration is developed, applicable energy conservation savings can also be 

credited. 

The project selection criteria by the Department of Energy is shown in 

the next figure. The first criteria is basically technical. This should be 

well suited to NASA, and some lead center such as LeRC or MSFC could be 

prime in evaluating and disseminating advancements to the other centers. 

Market visibility criteria is good since most NASA centers have many 

visitors. The fuel cost portion of this criteria is not good when based on 

present NASA low fuel cost. If the solar program is to encourage private 

sector use of solar energy, it may be better to also consider the local 

commercial fuel cost in determining savings. 

The last criteria is project cost and payback. Special cost that would 

not be incurred in future installations probably should not be included in 

the cost used to determine payback time. Therefore, there is a need to 

separate the costs attributed to unique design, retrofit, and special 

installation problems to encourage visibility. 

cost and present low fuel cost savings is not encouraging. Payback based 

on repeat construction and commercial fuel cost is much better. 

The payback based on total 
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This i s  an interim report l i s t i n g  proposed solar projects and was supplemented 

This appendix includes NASA provided descrip- 

The format can permit updating and 

by an appendix under separate cover. 

t ions where available and as  time permits. 

modifications as NASA requires. 

the report for  a id  i n  ear ly  calculations. 

Sane parametric data is provided a t  the end of 
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Evaluation 

. 

Savings 

The next t a b l e  shows the  s o l a r  energy savings at  many NASA centers .  A s  

can be seen on the  bottom l i n e ,  t h e  average savings a t  NASA is  about $.60 pe r  

year per  square foot  of co l l ec to r .  One c r i t e r i a  f o r  a good s o l a r  c o l l e c t o r  

is one i n  which more money than the  average is saved, while a poor loca t ion  

saves less than t h e  average. 

a low of $.25 t o  a high of $.96 per  year per  square foot .  

A review of t h i s  t a b l e  shows savings ranging from 

Some poor loca t ions  are NSTL and MAF when low cos t  gas i s  saved by using 

s o l a r  co l l ec to r s .  

rep laces  an electric dr iven  a i r  condi t ioning un i t .  

DFRC and ETS when higher  cos t  o i l  o r  gas is saved by use of a s o l a r  system. 

An espec ia l ly  good app l i ca t ion  is  a s i te  with t i m e  of day electric demand 

charges. Future electric energy cos t  t rends  w i l l  r e s u l t  i n  many such loca t ions .  

No example is included i n  t h i s  t a b l e  s ince  only average c o s t s  w e r e  determined. 

A s tudy of each center’s e lectr ic  rate s t r u c t u r e  is  required. 

shows a savings of $.61 based on average e lectr ic  cos t ,  but t h i s  savings 

should approximately double when a c t u a l  KSC demand cos t  is included. 

Other poor loca t ions  a r e  ARC and DFRC when a s o l a r  system 

A good loca t ion  would be 

A t  present  KSC 

Payback 

Best payback times occur when high cos t  energy is supplemented by the  s o l a r  

system, and when f u e l  cos t  is i n f l a t i n g  a t  a higher  rate than the  i n t e r e s t  cos t  

of money. Nominal cos t  of most of these  p ro jec t s  is i n  the  $100 per  square foot  

range, with f i r s t  year savings under $1 per  square foo t .  

payback t i m e  is, therefore ,  over 35 years  with t h e  average f u e l  i n f l a t i o n  5% 

higher  than t h e  cos t  of money. Off ice  of Management and Budget (OMB) criteria 

f o r  payback ana lys i s  of energy conservation p ro jec t s  cannot be appl ied t o  the  

Discounted esca la ted  

proposed s o l a r  energy p ro jec t s  and have them pay back wi th in  any conceivable 
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useful equipment lifetime. 

NASA must define the method of payback analysis that is acceptable to DOE. 

In the interim, a method considered realistic is being utilized. 

the importance of the payback criteria is shown at the end of the report as a 

maximum "Must Cost" solar system for 25-year payback time. 

An example of 

. 

Technology 

Some important engineering comparisions that can be obtained as the result 

of these projects are the relative payback and efficiency for: 

(1) Advanced flat plate collectors with 1-stage absorption chillers 

(2) 

(3)  

Only the latter two systems are capable of improved COP (efficiency) using 

Concentrating collectors with 2-stage absorption chillers 

Concentrating collectors with Rankine Cycle turbine drives 

the higher temperatures of concentrating collectors. 

profit to a lesser degree by eliminating the present chiller de-rating by using 

concentrating collectors. 

strong influence on savings. 

between the NASA centers can greatly contribute to project success. One area 

where this contact would be especially useful is in dealing with the absorption 

chiller start-up problem. 

after sudden sustained drops of hot water supply temperature on some projects. 

The first system can 

In addition, the control system logic can have a 

A good cross flow of control ideas and results 

Presently, their long start-up periods must be repeated 

Project Performance Summary 

The feasibility status of a proposed solar project can be followed on this 

table. The intent is to track the cost and savings of the project to ensure 

the NASA ground rules on payback are observed. 

The first column represents reasonable values of efficiencies, savings and 

cost. After the project is defined by the NASA center personnel, a preliminary 
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design (1% design phase ) estimate can be made. ' The output of t h i s  estimate i s  

the start-off point for an A/E contract design phase. 

tinues, bet ter  values can be developed. 

terms influencing payback time. 

adjustment t o  the ear ly  analysis. 

As the design phase con- 

This should help focus on the impurtant 

E a r l y  t e s t  phases can provide ver i f icat ion or 

Savings, cost and payback analysis can be estimated frcm the figures a t  the 

end of t h i s  report. 

collectors are used. Such collectors could have annual efficiencies as high a s  

45%. 

canponents and tanks, for  a net storage efficiency of 80%. 

solar system annual efficiency i s  assumed t o  be 3%. 

For preliminary analysis it i s  being assumed high performance 

After collecting t h i s  energy it i s  assumed 20% i s  l o s t  i n  a l l  the l ines,  

Therefore, the t o t a l  

If the solar system save6 oil a t  a near future cost of $.&/gal. and i s  i n  

an average solar location, the annual savings i s  $.72 per square foot. 

costs of high performance collector systems have been running about $100 per 

square foot of which $80 i s  the construction cost. 

for  the payback analysis. The discounted escalation factor (D[EF) (explained i n  

the hrametr ics  Section) i s  lll years. This r a t i o  of.cost  divided by savings i s  

also sanetimes referred t o  as  simple payback time. 

fas te r  than the general inf la t ion,  and money costing 3% higher than the general 

inf la t ion,  a payback t i m e  of 37 years i s  calculated. 

Total 

Construction cost i s  used 

For fuel o i l  i n f l a t ing  8% 

For much higher cost of money, the project will never pay back. The O f f i c e  

of Management and Budget (Om) directive t o  use the cost of money as 10% above 

the general inf la t ion for  energy conservation projects would eliminate most 

solar projects with present designs. 

c 
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Projects for Process or HeatindCoolinp; 

?!he follawing tables  summarize a number of solar thermal projects 

s u h i t t e d  by the NASA centers. 

f i s c a l  year 1978 and 1979 money, respectively. 

subdivided a s  2A for projects funded far design and 2B a s  other potent ia l  

projects far 1978 funds. 

They are grouped as Phase 2 and Phase 3 for 

Phase 2 projects are further 

Payback time on these tables are based on a l l  f u e l s  inf la t ing 10% per 

year higher than the in t e re s t  ra te  applied t o  the cost of money. First 

year fue l  cost savirgs due t o  the solar energy project are based on the 

present average NASA center u t i l i t y  cost. 

for Phase 2A, were pravided direct ly  by NASA centers and possibly used 

different fue l  inf la t ion rates. 

A few paybacks, such as shown 

Charts are provided a t  the end of t h i s  report for econcmic evaluation 

of solar thermal systems. 

estimates t o  detennine payback when infozmation was not available fran 

the NASA centers. DOE Fac i l i t i e s  Solar Design Handbook infarmation i s  

This informstion was used for cost and savings 

ut i l ized for system cost and annual available sunlight. Sane charts 

allow use of different fuel  inf la t ion and interest  rates.  

The method of payback analysis varies greatly between a l l  the people 

contacted. A consistant method should be established, and important consid- 

erations are discussed i n  t h i s  report. 

f u e l  inf la t ion i s  utilized. It i s  suggested tha t  f n  the interest  of 

encouraging use of solar energy, a method ccmpatible t o  canmercial cost 

be used for payback analysis. 

I n  the interim the above 10% net 

. 
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Parametric Analysis 

This section provides information for the approximate economic evaluation 

of a solar thermal system providing either process heating or a heatinglcooling 

system. The following information is included: 

o NASA energy cost 

o Energy real growth rate 

o Commercial electric cost 

o Annual savings by solar thermal system 

o Cost of solar thermal systems 

o Discounted escalation payback time 

o Discounted escalation factor 

o "Must Cost" estimate for solar systems 

- P1 - 



NASA Energy Cost 

This table shows the actual NASA energy cost for the last three months of 1977. 

I n  a few cases present gas costs axe escalated t o  1982 rates,  and used as indicated. 

These values are being used for estimates of first year energy savings produced by 

a solar energy system. 

savings. This does not favor Ames or Dryden e lec t r ic  savings. 

I n  general, the higher the energy charge, the higher the 

The most important factor i n  savings fran a solar energy system i s  the cost of 

the h e 1  source that i s  saved. 

ency and of minor relat ive importance i s  the amount of sunlight received. 

error  r e su l t s  fran failure t o  escalate all the f u e l  cost t o  operation s tar t ing time 

(10 - 20% increase). 

Fuel cost i s  follawed i n  importance by system e f f i c i -  

A small 

The except ionam low gas prices were escalated. 

The largest error  i n  using this table  involves the e lec t r ic  cost, which i s  also 

2/3 of a l l  NASA energy cost. 

charge and demand charge separately. 

summer days by a solar a i r  conditioning or photovoltaic system. It should be deter- 

mined if an e l ec t r i c  demand charge i s  saved. 

e l ec t r i c  demand and dollar charge. 

peak a i r  conditioning requirements. 

possibly double with a solar system. 

The error  canes about by not accounting for energy 

Electric power i s  saved i n  the afternoons of 

Some NASA centers have a daytime peak 

I n  addition, the peak demand i s  coincided with 

Under such conditions total savings can 

Centers with large research pawer demands, such as Ames ( A R C ) ,  Langley (LaRC) 

and Lewis (LeRC), are poor candidates t o  take advantage of the demand savings pos- 

s ib le  with solar systems. 

t o  operate the research power systems a t  the "off peak" time-of-day. 

t h e i r  average cost of energy i s  lower. 

candidate for peak demand savings since i t s  energy damend can be air conditioning 

dependent. 

here. 

To save operating cost the research centers have a tendency 

As a resul t ,  

A center such as  KSC seems t o  be a good 

The exception t o  this i s  the KSC launch impact, and has not been examined 

- E -  
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Ehergy Real Growth Rate 

DOE has provided t h i s  table t o  be used on a temporary basis as a 

representation of fuel  inf la t ion rate. 

as an annual percentage i n  addition t o  the general inf la t ion.  

The growth rate is  presented 

This chart i s  a great simplification. 

The very low cost systems will i n f l a t e  at  a faster rate than the 

Within any region, the cost 

varies.  

high cost systems. 

used when known. 

especially the Bureau of Reclamation, w i l l  have the most dramatic increase 

i n  cost and rate structure. 

The loca l  pr ice  structure and growth rate should be 

Low cost electric energy from hydroelectric plants ,  
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ENERGY REAL GROWTH RATES 
FOR LIFE-CYCLE COSTING 

coal 5% 

Fuel O i l  8% 

Gas (Natural or  LPG) mJ 

ELECTRIClTY 

Reaion 

New England - 6 .* 
Middle Atlantic - 5 .& 

South Atlantic - 5.8% 

East South Central - 5.6% 

Pacific - 7.3% 

Ref. - DOE Fac i l i t i es ,  Solar Design Handbook 

Region 

East North Central - 5.6% 

West North Central - 5.6% 

West South Cerrt%l - 7.5% 

Mountain - 5.B 
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Commercial Electric Rates 

In contrast to the NASA electric rates, this table shows the commercial 

This table runs from a low of 1.438 $/KWH to a high of 8.45 electric rates. 

$/KWH in December of 1977. The primary difference is the lower NASA rates at 

some centers due to special discounts or use of Bureau of Reclamation energy. 

The low energy cost makes energy conservation projects difficult to sell and 

makes solar energy projects unrealistic. Through governmental action future 

trends will be to eliminate these discounts. 

It has been suggested that the NASA projects payback time be evaluated 

based on the local utility rates. 

use the government projects as demonstrations to encourage local communities 

to use solar energy. 

The justification for this is the desire to 

c 
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Annual Savings By Solar Thermal System 

This figure gives an estimate of the dollar value of the thermal energy 

produced by a solar collector system. 

of possible savings and is not a substitute for a more detailed analysis, which 

must show how the daily absorbed solar energy is utilized. 

assumes there is always need for the absorbed energy. 

This is a rapid way to obtain the range 

The following 

An example is shown with savings of $1.50 per year for each sq. ft. of 

collector surface. The sample problem is to find the savings if fuel oil at 

$.60 per gallon is presently used. 

would produce usable energy at $5 per million BTU. The typical annual solar 

energy falling on a panel will be about 600,000 BTU per square foot. Of this 

energy, 50% collected and finally delivered as usable energy is representative 

of the high end of the total system annual collection efficiency. 

ation of terms then rqsults in an annual fuel oil savings of $1.50 per square 

foot . 

A good combustion system a t  80% efficiency 

This combin- 

The advantage of this simplistic figure is that it emphasizes three factors: 

fuel cost, system efficiency, and available solar.energy. The prime factor is 

the cost of the fuel that is replaced by solar energy. The second factor is the 

total system collection efficiency. 

that is absorbed by the collector, and is finally delivered as heat after all 

system losses are accounted for. This is the only factor within the control of 

the designer, but is still expected to fall within some reasonable range as 

indicated. It is difficult to achieve an efficiency over 50%, while much under 

25% is a poor system. The third factor, available solar radiation, is actually 

a narrow range. 

collectors are inclined within 10" of the local latitude. 

This represents the fraction of solar energy 

The majority of the USA falls within the indicated range when 
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If this simplified savings estimate indicates sufficient dollar savings, 

then a more detailed analysis can be justified. 

analysis is aimed at determining the collector efficiency and the storage and 

distribution efficiency (losses determined) to meet the temperature requirement 

of the particular application. 

The next level of detail 
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1 Solar Thermal Syst'em Capital Costs 

, 

. 

In estimating the capi ta l  cost of solar system components, only the 

costs of items tha t  a re  not normally part  of a conventional HVAC system 

should be considered. 

would not be considered, but t he  difference between the instal led cost of 

a more expensive absorption ch i l le r  and of a l e s s  expensive centrifugal 

ch i l l e r  should be charged t o  the solar energy system. 

cost elements vary according t o  the s ize  of a solar heating and/or cooling 

system whereas others a re  re la t ively fixed, regardless of collector area o r  

tank volume. 

others include heat exchanger costs,  and certain pump and piping costs. 

additional control system cost associated with a solar energy system is an 

example of a cost difference that is largely independent of collector area. 

The cost difference associated with the purchase and instal la t ion of an ab- 

sorption c h i l l e r  is also relat ively independent o f  solar collector srea, 

because f o r  a l l  but t he  smallest solar collector areas, selection of an 

appropriate absorber i s  dictated by the  peak building-cooling load. 

Thus, the cost of the building's air-handling system 

Note that certain 

Collector and storage tank costs are system-sizedependent items; 

The 

Secause solar  system costs depend on the purchaser's location and are 

also time-dependent , the designer should obtain actual pr ice  quotes from 

equipment manufacturers. However, f o r  i n i t i a l  assessments, costs can be 

estimated from the data given i n  t h i s  table.  

The subsystems t o  be considered are shown along with an e s t a t e  of the 

fraction of the  t o t a l  instal led cost tha t  each requires. 

i s  included, the  incremental costs of a derated ch i l le r  and/or cooling tower 

a re  i n  addition t o  those l i s t e d .  

If solar cooling 

. 
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c 

Part B of t h i s  table summarizes estimated solar system component 

costs. 

as first estimates. 

In  l i e u  of actual mufacturer-quoted prices, these may be used 

In addition, the d i f f e ren t i a l  cost of a derated absorption ch i l le r ,  

compared t o  a standard compression unit that probably would be used in  a 

conventional system, is about $100-120/ton. 

energy related costs such as those result ing from increased floor space 

required t o  accommodate solar equipment. 

roof area provided by roof-integral collectors. 

collectors m u s t  be mounted on some sor t  of structure. 

are included, the instal led system costs shown i n  Part C resul t .  

One also must include solar- 

C r e d i t  should be given for any 

Remember, moreover, that 

When all expenses 

Recent experience indicates that t he  installed incremental system 

costs i n  pa r t  C ,  would be expected for new construction; 10-255 more should 

be expected for r e t r o f i t  construction. 

Total project  cost will be higher by about 25% t o  cover cost of  design, 

inspection, and contingency. 

'Ref. - DOE Fac i l i t i e s  Solar Design Handbook 
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DISCOUNTED ESCALATION PAYBACK TIM3 

The payback time is being determined on a present worth basis. When 

the present worth of the annual fuel savings has added up t o  the in s t a l l a -  

t ion cost, the  system has paid for  itself. 

tenance, tsxes, insurance and collector useful l i f e  can be factored i n  

after a simplified evaluation indicates it i s  feasible t o  continue. 

Several other factors of main- 

These 

other factors can be fixed percentages added t o  the interest  rate.  

This figure can be used t o  determine payback time a f t e r  determining the  

system cost divided by the first year's fue l  savings. 

the Discounted Escalation Factor (DEF) and is  equal t o  simple payback time 

when no fuel  cost growth or interest  on money i s  considered. 

cost increases and cost of money is included the payback time can be shorter 

or longer than the  simple payback time. If fuel is  inf la t ing fas te r  than the 

cost of money, then payback time is shorter than simple payback. If the cost 

of money is  greater than f u e l  inflation, then longer than simple payback time 

This r a t i o  i s  called 

When fuel  

occurs. 

Future cost of fue l  
i n  one specific year 

= Present fue l  cost x (1 + e + g)" 

g = General Inflation 4'0 
100 

e = Energygrowth rate Over A 
general inf la t ion 100 

n = years 

1" i n  one specific year ( l + i + g  
(Present worth of Future fuel)  = Future Cost of Fuel x 1 

i = Cost of money over general A 
inf la t ion 100 
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In  a step wise manner, the cumulative present worth is  determined as a 

product of these two factors: 
n 

1 1" 
l + i + g  

2 ( l+e+d"  x ( 
Total Present Worth = Present Fuel 

1 
cost 

= Present Fuel? n p+e$ 
l+i+ cost 

h 
The term z(g) is called the discounted escalating factor  (DEF). 

A simplification would be equating a l l  the $ values t o  an equivalent 

fuel  inf la t ion 

1 + 1  = 

A further 

value : 

l + e +  A/ l + e  
l + i + E  - I + %  

approximation would be obtained by ampping the general inf la-  

t ion term. The value "I" can be posit ive or negative. 

EXAMPLE : 

The DOE Solar Design Handbook (pg. 60) suggests an 8% discount rate be 

used t o  correspond t o  long term U.S. Treasury Bonds. 

of i + g. 

is inf la t ing 8% ( e  = .08) per DOE handbook. 

inf la t ion value I is determined as follows: 

That 8% is the sunrmation 

If g is assumed as 5% on a long term basis, then i = 3s. Fuel o i l  

Therefore, the equivalent fuel  

1 + .o 

1 + 1-1 + .08 
"1 + .03 = 1.0485 I C ( e + g )  - (i+g) = 13% - 8% = 5% 

Therefore, I = 5% 
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DISCOUNTED ESCALATION FACTOR (DEF) 

This is  a tabular form of the previous figure and is  used as follows: 

1) Determine the equivalent fuel inflation ( IN ,  e - i )  by subtracting 

cost of money i n  excess of inf la t ion from energy p w t h  ra te  i n  excess of 

inflation. 

2) Determine the  DEE' (System Cost/First year Saving) 

3) Read down the equivalent fuel  inf la t ion column t o  the value of 

DEF and then over t o  the nmber of years t o  pay back. 

4 
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"Must Cost" Estimate for Solar Systems 

t 

b 

The Office of Management and Budget (OMB) has directed that energy conser- 

vation projects use 10% (i = lox) in excess of long term inflation as the 

interest or cost of money. Such an interest rate represents a total cost of 

money in the 15% range (i+g = 10% + 5%). This suggests a governmental desire 

for the project to both pay for itself and earn money. The money is earned at 

a rate 7% higher than the cost of money to the U. S. Government (Long Term U.S. 

Treasury Bonds at 8%). 

the development stage, it will result in long payback times. 

counter-productive in encouraging the solar thermal system technology. 

If this criteria is applied to an infant technology in 

This may be 

This table shows an example of the highest price (Maximum "Must Cost") 

that can be paid for a solar system and have it pay back by fuel savings in 

25 years. If the type of energy being supplemented by solar energy is high 

cost, a higher cost solar system can be justified. 

At the present time, the payback analysis is most dependent on the OMB 

decreed interest rate (i) as applied to the value of money in excess of fnfla- 

tion. The next factor of importance is the fuel cost and fuel growth rate (e) 

in excess of the general inflation. 

solar system cost and annual total system efficiency. 

On the bottom of this table are a range of system costs per the DOE 

Then finally, the payback depends on the 

Solar Handbook. 

square foot for the direct construction cost. The maximum costs allowed in 

the top left side of the table are not feasible now. The costs on the table's 

lower right side are easy to achieve. The middle range is difficult, but can 

be achieved. 

Space heating and cooling projects can run from $40 to $80 per 

The t h i r d  colum (i = 3%) is the most representative of the cost of money 

to the U. S. Government. This represents achievable system cost. 
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